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Eucalyptus camaldulensis can be seen as an iconic tree of superlatives. It is the eucalypt with the widest
native range, and one of the most widely planted eucalypts around the globe. In South Africa, it is the
most widespread and the most aggressively invasive eucalypt. It has many uses, but also causes major
impacts. However, little is known about key aspects of its ecology in South Africa, including its
invasion history, invasion processes and dynamics, and people’s perceptions of its positive and negative
effects on ecosystems. Such knowledge is crucial for developing robust and defendable guidelines for
sustainable management of the species. This paper provides a comprehensive dossier of the species in
South Africa. It reviews what is known of its introduction and planting history, its current distribution,
its value for commercial forestry and other uses, its impacts as an invasive species, pests and pathogens
associated with the species, people’s perceptions of the species and conflicts of interest, and the options
for management and restoration. The review reveals that E. camaldulensis is a tree of many
contradictions in South Africa, making it a poster-child example of a conflict-generating non-native
species. Based on available knowledge, we assess options for improved management. We highlight
several knowledge gaps which need to be addressed in more detail through future research. It is hoped
that this species profile will serve as a model for the types of information that are needed for
developing objective management strategies for non-native tree species in different parts of the world.
Keywords: Conflicts of interest; Eucalyptus; impacts; introduction history; invasive species management;
pests and diseases; tree invasions
BACKGROUND
People and trees have an intimate and vital relationship (e.g.
Hayman, 2003; Coder et al., 2017). It is therefore not surprising
that many tree species were, and still are being, spread around
the world by humans, literally following in the footprints of
human civilisation (Richardson, 1998). Trees are used by people
for multiple purposes (e.g. food, fuel, paper, timber, shelter,
etc.) and contribute to diverse ecosystem services, including
netprimaryproduction,pollination, soil formation,microclimate
provisioning, nutrient cycling, and diverse cultural services (Foli
et al., 2014; Castro-Diez et al., 2019). Trees provide ecosystem ser-
vices worth more than $500 million per year to 10 of the
world’s megacities (Endreny et al., 2017. On the other
hand, many alien tree species also have negative impacts
by impacting on ecosystem services or creating new ecosys-
tem disservices (Potgieter et al., 2017). The number of intro-
duced tree species recorded as invasive aliens is increasing
rapidly several decades after widespread introductions and
plantings of hundreds of tree species in many parts of the
world (Richardson, 1998; Richardson and Rejmánek, 2011;
Richardson et al., 2014; Rouget et al., 2016).
Trees are conspicuous and influential components of veg-
etation. Because of their large size and biomass, and diverse
features of their architecture, many tree species have a major
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influence on the structure and functioning of ecosystems
(Zalba and Villamil, 2002; Richardson et al., 2014; Rundel
et al., 2014). People’s perceptions of trees and their roles in
landscapes are complex and context dependent; this means
that managing wooded landscapes is becoming increasingly
challenging in our human-dominated world (Richardson
et al., 2014). In many regions, themanagement of trees involves
dealing with conflicts of interest – where species have both
clear benefits and clear negative impacts (Kull et al., 2011;
Dickie et al., 2014; van Wilgen and Richardson, 2014). It is
therefore crucial to consider both positive and negative
effects of non-native tree species to gain a holistic view of
their ecology and influence when formulating sustainable
management approaches. Information on the full suite of
factors that need to be considered is very seldom available.
The aim of this paper is to compile a dossier or profile of an
important tree species to show the type of information that
is needed when seeking sustainable management options.
One of the most widely distributed and extensively planted
tree genera worldwide is Eucalyptus (family Myrtaceae; Rejmá-
nek and Richardson, 2011). Eucalyptus is the largest of the
seven genera that comprise the “eucalypts” (i.e. tribe Eucalyp-
teae), with more than 700 species (Bayly, 2016). Almost all
eucalypt species are native to Australia, where they are
iconic and conspicuous features in many landscapes and
play crucial ecological and economic roles (Williams and
Woinarski, 1997). Shortly after the colonisation of Australia
by Europeans in the 1600s the multiple uses of Eucalyptus
species (e.g. for timber, pulp, charcoal, honey production,
essential oils) and the exceptional vigour and adaptability of
eucalypts were recognised, and species were planted in
many other parts of the world.
The global transfer of eucalypts began in 1774 when E. obliqua
was cultivated from seed in the United Kingdom.More than 20
million ha are currently planted with eucalypts worldwide for
commercial purposes (GIT Forestry Consulting, 2009). Eucalyp-
tus is now one of the most important commercially used tree
genera globally, with many species that have been described
as the “fountain of youth and the El Dorado of forestry”
(Bennett, 2010). About 90% of commercial eucalypt plantations
comprise only a few Eucalyptus species (i.e. E. benthamii,
E. camaldulensis, E. dunnii, E. globulus, E. grandis, E. macarthurii,
E. nitens, E. pellita, E. saligna, E. smithii, E. tereticornis,
E. urophylla) and their hybrids (Stanturf et al., 2013).
Of the many eucalypt species that have been introduced and
widely planted outside their native ranges, a few species have
become invasive (i.e. they reproduce regularly, spread over
long distances from planting sites and cause negative
impacts; Rejmánek and Richardson, 2011). In this respect,
eucalypts differ from other large tree genera that have been
widely planted outside their native ranges – notably the
genera Acacia and Pinus (many more species in these genera
have become invasive; Richardson, 2006; Booth, 2012; Rejmá-
nek and Richardson, 2013).
South Africa has a long history of introducing, planting, and
managing eucalypts. Nearly 150 eucalypt species were intro-
duced, mainly for forestry trials, between 1828 and 1940
(Poynton, 1979; Forsyth et al., 2004; Bennett, 2010). A more
recent assessment states that more than 200 eucalypt species
have been cultivated in the country (Henderson, 2009). The
general approach taken in eucalypt breeding and develop-
ment programmes by commercial forestry companies in
South Africa has involved ongoing species testing and
intraspecific tree improvement to meet both the demands
of climatic conditions and market requirements. In recent
times hybrid combinations between key commercial
species have provided new opportunities in terms of
growth and tolerance to both abiotic and biotic stresses.
However, some niche markets and sites still dictate the use
of pure species where no hybrid alternatives have been
developed. Six eucalypts (i.e. E. camaldulensis, E. cladocalyx,
E. conferruminata, E. diversicolor, E. grandis and E. tereticornis)
are listed as invasive in South Africa by the National
Environmental Management: Biodiversity Act (NEM:BA;
Act 10 of 2004; Department of Environmental Affairs,
South African Government).
The history of eucalypts in South Africa is very complex
and is closely linked to the colonisation, cultural prefer-
ences, and capitalist-driven exploitation resulting from the
European settlement of the country (Bennett, 2010;
Bennett and Kruger, 2015). Eucalypts are now conspicuous
features of landscapes in many parts of South Africa. They
have diverse impacts on economic, social, and ecological
systems. Positive features of these fast-growing trees are
the provision of timber, paper, poles, firewood, shelter, orna-
mental value, and nectar and pollen for bees (Forsyth et al.,
2004; Sappi, 2018). Negative impacts of eucalypts, however,
began to manifest in the early twentieth century when criti-
cism began emerging about their water use and when they
began escaping and naturalising outside plantations
(Bennett, 2010). Water use by alien trees is critical in
South Africa because of the water scarcity over large parts
of this semi-arid country. Le Maitre et al. (2016) estimated
that invasive stands of eucalypts account for 15.8% of the
1.44 billon m3 mean annual water runoff lost through
transpiration and interception by invasive alien plants in
South Africa. Six eucalypts (i.e. E. camaldulensis, E. cladocalyx,
E. conferruminata, E. diversicolor, E. grandis and E. tereticornis)
are listed as invasive in South Africa by the National
Environmental Management: Biodiversity Act. (NEM:BA;
Act 10 of 2004; Department of Environmental Affairs,
South African Government)
Of these six NEM:BA-listed invasive Eucalyptus species,
E. camaldulensis Dehnh (river red gum) has the greatest distri-
bution and impact in the country (Forsyth et al., 2004; Nel et al.,
2004). Despite its prominence in landscapes in many parts of
the country, little is known about the history of cultivation
and the history of introduction, planting, and invasion of
this species in South Africa. This is surprising because the
species not only was used (as a species of minor importance)
in private and government forestry programmes but was
also planted widely as a feature tree and for shade, shelter,
and other purposes in many parts of the country (Poynton,
1979). Very little documentation is available on such plantings.
The lack of detailed knowledge of the history of this species in
South Africa and of its changing distribution, abundance, and
impacts in different landscapes hampers the development of
effective and sustainable management approaches. The
improvement of management strategies is especially impor-
tant because all eucalypt species listed in invasive species legis-
lation are treated in more or less the same way in South Africa
(Box 1). Such a uniform approach to eucalypt management is
inappropriate for conflict-generating species that often occur
(as planted trees or invasive stands) in sensitive habitats and
ecosystems and which are perceived in diverse ways by differ-
ent sectors of society.
2 2019Hirsch et al. Eucalyptus camaldulensis in South Africa – past, present, future
Box 1. Eucalyptus camaldulensis in national legislation
pertaining to alien and invasive species in South Africa
Eucalyptus camaldulensis and five other eucalypt species
(E. cladocalyx, E. conferruminata, E. diversicolor, E. grandis and
E. tereticornis) are listed as invasive in South Africa in regulations
in terms of the National Environmental Management: Biodiversity
Act (NEM:BA, Act 10 of 2004; Department of Environmental Affairs,
South African Government). These regulations classify the six
eucalypt species variously as “category 1b” species (which must be
controlled, and for which any form of trade or planting is prohibited),
“category 2” (for which a permit is required to carry out restricted
activities; includes species which are imported for commercial
purposes) or “not listed” (not regulated in any way) depending on
where they occur, as follows:
(a) Category 1b within
(i) riparian areas;
(ii) a Protected Area declared in terms of the Protected Areas
Act; or,
(iii) within a Listed Ecosystem or an ecosystem identified for
conservation in terms of a Bioregional Plan or Biodiversity
Management Plans published under the Act.
(b) Not listed within Nama-Karoo, Succulent Karoo and Desert
biomes, excluding within any area mentioned in (a) above.
(c) Category 1b in Fynbos, Grassland, Savanna, Albany Thicket,
Forest and Indian Ocean Coastal Belt biomes, but
(i) category 2 for plantations, woodlots, bee-forage areas,
windbreak and the lining of avenues.
(ii) not listed within cultivated land that is at least 50 metres
away from untransformed land, but excluding within any
area in (a) above.
(iii) not listed within 50 metres of the main house on a farm, but
excluding in (a) above.
(iv) not listed in urban areas for trees with a diameter of more
than 400 mm at 1000 mm height at the time of publishing
of this Notice, but excluding in (a) above.
If it can be confirmed that the seeds of E. camaldulensis require a
period of submersion before germination, it would be possible to
simplify this listing considerably for this species. If this is indeed the
case, the species poses a high invasion risk only in riparian areas,
and it could then be listed only in those areas. The safe distance
between the trees and the closest watercourse needs to be
determined and specified in the regulations. In protected and
conservation areas, the policy is usually to exclude all alien plant
species, irrespective of their invasive risk. We therefore suggest the
listing for E. camaldulensis be simplified to read as follows:
(a) Category 1b within
(i) riparian areas;
(ii) a Protected Area declared in terms of the Protected Areas
Act; or,
(iii) within a Listed Ecosystem or an ecosystem identified for
conservation in terms of a Bioregional Plan or Biodiversity
Management Plans published under the Act.
The NEM:BA regulations should be reviewed regularly, and the
listing of river red gum should be revised on the basis of available
evidence.
The aim of this paper is to compile a species profile on
E. camaldulensis in South Africa – to review the history of its
introduction, planting, and invasion, and its current status in
different regions in terms of abundance, invasiveness,
susceptibility to pests and diseases, and human perceptions,
and to propose a framework to identify likely trajectories for
the species in South African landscapes into the future. To
this end, we undertook a comprehensive literature review
and held a workshop at Stellenbosch University in March
2018. The workshop was attended by 18 researchers, foresters,
and invasive species managers with experience in diverse
aspects of Eucalyptus ecology in South Africa. We also con-
sulted with many other stakeholders to gauge perceptions.
We trust that the profile of E. camaldulensis in South Africa
will serve as a blueprint and that similar dossiers will be com-
piled for other alien trees in South Africa and other regions to
better inform management.
STUDY SPECIES: EUCALYPTUS CAMALDULENSIS
DEHNH.
River red gum has the largest native range of any eucalypt
species, and occurs in all the mainland states of Australia
(Brooker et al., 2002). It occurs mainly along watercourses
and in floodplains where it is often a dominant component
of riparian forests and woodlands (Butcher et al., 2009). The
species often occurs in monospecific stands, due to the allelo-
pathic compounds in its leaves which impede the recruitment
of other species, and because of the unique ability of estab-
lished plants to tolerate both floods and droughts (Colloff,
2014). In some areas, however, it can form mixed stands with
other riparian species (McDonald et al., 2009). In Australia,
the species is widely seen as a symbol of life and water and
has long been a keystone species to Aboriginal people who
have more than 20 uses for it (e.g. food source, fuel, shelter,
toys, medicine; Colloff, 2014). River red gum is a perennial,
single-stemmed tree which usually grows between 20 and
30 m tall and can reach ages of 500 to 1000 years (Colloff,
2014; CSIRO, 2018). It grows from sea level up to 1500 m alti-
tude (CSIRO, 2018). Seedling growth is very rapid; growth of
some provenances in cultivation can exceed 3 m/year under
favourable conditions (e.g. Orwa et al., 2009). The species has
high transpiration rates and a substantial water uptake
(Colloff, 2014). Floodwaters provide a temporary water
source, but reliable soil water and groundwater supplies are
of greater importance for the species (Colloff, 2014). The
species typically has a vigorously growing, deep, and exten-
sive root system which reaches depths of at least 10 m (and
probably up to 30 m) with lateral or fan roots and sinker
roots extending from the lateral roots, as well as vertical tap
roots. This root system enables E. camaldulensis to adapt to
changing levels of water availability at different depths
(Colloff, 2014). The ability to access groundwater via such a
deep root system enables river red gum to adapt to different
climatic conditions, from tropical to arid and temperate
zones, and a wide range of rainfall zones, from 250 to
1500 mm annual precipitation (Butcher et al., 2009). It is
stated that flooding is not essential for the species’ regener-
ation in its native range (Colloff, 2014). Rather, its germination
and seedling survival are dependent on a combination of
factors such as seed supply, seasonal temperature and rainfall,
flooding, soil moisture content, grazing pressure, and the
occurrence of insects harvesting seeds (Meeson et al., 2002;
Colloff, 2014). Moreover, in unflooded native areas, it was
observed that germination occurred during cool and wet
months in the late winter to early spring and that survival of
the seedlings was positively correlated with good summer
rains (Colloff, 2014). In South Africa, however, it is unlikely
3Transactions of the Royal Society of South Africa
that regions with wet winters will also have good summer
rains. Wet winters that would allow seeds to germinate in
unflooded areas are limited to the Western Cape and parts
of the Eastern Cape, and the survival of the seedlings would
then depend on the presence of a river nearby due to the
lack of significant summer rains. River red gum seedlings
have a poor ability to compete with weeds (Ladd and Facelli,
2005; CSIRO, 2018).
River red gum produces viable seed at an age of 7–10 years
(Colloff, 2014). Its flowers are pollinated by insects, especially
bees (Ottewell et al., 2009). Flowering is from July to January,
depending on geographical region and subspecies (see
further details below; Colloff, 2014). Fruits and seeds ripen
over several months, and seeds are released continuously in
varying quantities but can be held in the canopy for up to 2
years (Dexter, 1970; Colloff, 2014). A study of E. camaldulensis
on the Lower River Murray floodplain showed that a single
tree can shed more than 52 000 viable seeds per m2 of
ground over a month (Jensen et al., (2008). The species does
not form a seed bank, and regeneration follows shortly after
seed release (Roberts and Marston, 2011; CSIRO, 2018). Seed
dispersal is by wind, water, and ants (Florabank, 2018).
River red gum exhibits high variability in morphological (see
Supplementary text in Appendix 1) and ecophysiological traits
(e.g. tolerance to drought, cold temperatures, etc.; Butcher
et al., 2009; Colloff, 2014) that can partly be explained by
geography and genetic structure (Butcher et al., 2009; Dillon
et al., 2014). A genetic study of populations throughout the
native range (Butcher et al., 2009) and the latest taxonomic revi-
sion of E. camaldulensis (McDonald et al., 2009) resulted in the
recognition of seven subspecies (i.e. sspp. acuta, arida, camaldu-
lensis, minima, obtusa, refulgens, simulata) which differ in several
morphologic traits and which occur in relatively well-separ-
ated geographical ranges in Australia (Figure 1). McDonald
et al. (2009) give a comprehensive overview of these morpho-
logical traits. The species’ high variability in morphological
traits, which may also overlap with traits of other eucalypt
species, and its ability of intra- and interspecific hybridisation
(see Supplementary Text in Appendix 1) can make a correct
taxonomic identification complicated (Henderson, 2009).
Because of the ability of river red gum to adapt tomanydiffer-
ent environmental conditions, the species became one of the
most widely cultivated eucalypts globally and probably the
most widely planted tree in arid and semi-arid regions
(Doran and Wongkaew, 2008; McDonald et al., 2009). Infor-
mation compiled from many sources (notably Haysom and
Murphy (2003), Doran and Wongkaew (2008), Rejmánek and
Richardson (2011, 2013), the Global Biodiversity Information
Facility (GBIF Secretariat, 2017), the Global Compendium of
Weeds (Randall, 2017), the Invasive Species Compendium by
CAB International (CABI, 2018) and the Global Checklist of
Introduced and Invasive Species (Pagad et al., 2018)) shows
that E. camaldulensis is now present in more than 100 countries
(Figure 2; Table S1 in Appendix 1). The species is considered
“invasive” in 17 of these countries according to at least one
source (Figure 2; Table S2 in Appendix 1). Only in South
Africa do all information sources classify the species as invasive
(Figure 2; Table S2 in Appendix 1); as far as we know, this is the
only country where its invasion ecology has been studied. As
the example of the ongoing naturalisation of E. camaldulensis
in the Mediterranean Basin shows (Badalamenti et al., 2018), it
is likely that thenumber of countries inwhich the species is con-
sistently considered invasive will increase in the future.
RIVER RED GUM IN SOUTH AFRICA
Eucalyptus camaldulensis was introduced in South Africa
around 1870, and the first plantations were established in
1898 (Troup, 1932). By the end of the nineteenth century or
very early twentieth century, the species was present in
several regions of the country (i.e. in the former Cape
Colony, Orange Free State, and Transvaal; Poynton, 1979).
Although no information is available on the provenance of
the first introduced plant material, vague information exists
for subsequent early introductions. Poynton (1979) reports
that between 1893 and 1910 several seed deliveries (a total of
56 kg of seed) arrived in South Africa and that the material
was mostly from southern New South Wales or Victoria.
Based on the subspecies distributions across Australia (Figure
1), these early introductions probably comprised mainly
E. camaldulensis ssp. camaldulensis. However, Poynton (1979)
states that later introductions included material collected
from throughout the native range of the species and from
Brazil (Table S3 in Appendix 1). Exchanges of eucalypt seeds
between South Africa and Brazil were common during the
1970s and reached such dimensions that one could speak of
“seed laundering” (F. Blakeway, pers. comm.). Similar seed
exchanges may also have occurred between South Africa and
other countries. In this context, it is important to mention
that E. camaldulensis is a prominent candidate in tree breeding
programmes worldwide, which include biotechnological
approaches (e.g. genetic transformation) to achieve, for
example, enhanced biomass production, altered fertility, and
biotic and abiotic stress resistance (Girijashankar, 2011).
Introduced seed material was widely used in growth trials in
several regions of the country. Poynton (1979) refers to 29 sites
throughout the country where different provenances of
E. camaldulensis were tested for growth and survival perform-
ance (Figure 3a; Table S4 in Appendix 2). As shown in more
recent trials by du Toit et al. (2017), such plantations contain
Figure 1. The native range of Eucalyptus camaldulensis in Australia,
showing geographic differentiation of seven subspecies (sspp. acuta,
arida, camaldulensis, minima, obtusa, refulgens, and simulata). The
native range of the closely related E. tereticornis with its two subspe-
cies (i.e. sspp. mediana and tereticornis) is also shown. Black points
represent locations of the seed lots from which E. camaldulensis
seeds are commercially available at the Australian Tree Seed
Centre, CSIRO (https://www.csiro.au/en/Research/Collections/
ATSC). Subspecies ranges are modified from maps in McDonald
et al. (2009) and Colloff (2014).
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not only material from different native provenances and other
countries (i.e. Morocco and Israel in this case), but also hybrids
between E. camaldulensis and other eucalypts. One of the most
prominent hybrids for commercial plantations was
E. grandis× E. camaldulensis, which played a prominent role
in South African forestry during the 1990s (B. du Toit, pers.
comm.; Denison and Kietzka, 1993).
Unravelling the introduction history and understanding the
presence and extent of the genetic entities of E. camaldulensis
represented in South Africa is further complicated by the fact
that river red gum was also frequently used for unrecorded
plantings on private land for shade and shelter and as a
source of wood (Poynton, 1979). The species is still commer-
cially distributed, especially by the Australian Tree Seed
Centre of the Commonwealth Scientific and Industrial
Research Organisation (CSIRO) (https://www.csiro.au/en/
Research/Collections/ATSC) which stocks seeds from over
240 seed lots from across the native range of E. camaldulensis
(Figure 1). With the listing of E. camaldulensis as an invasive
species in the South African NEM:BA regulations, importation
of material of the species is restricted and may only be author-
ised by the Department of Environmental Affairs (http://www.
environment.gov.za).
Because of the complex and poorly documented history of
introduction and planting of E. camaldulensis in South Africa
we must conclude that it is currently not possible to provide
a complete picture of the taxonomic and genetic entities rep-
resented in South Africa. This is an important knowledge
gap. For example, we do not know which taxonomic and
genetic entities are represented in invasive populations, or
how well particular genotypes perform in amenity plantings
in different regions.
CURRENT DISTRIBUTION OF EUCALYPTUS
CAMALDULENSIS IN SOUTH AFRICA
The best data on the current distribution of E. camaldulensis
for naturalised and invasive populations are from the
Southern African Plant Invader Atlas (SAPIA) database (Hen-
derson, 1999, 2007) (accessed January 2017), which shows
that naturalised and invasive populations occur in all South
African provinces (Figure 3b). SAPIA lists 344 occurrences, of
which 76% are along watercourses (Figure S1 in Appendix 1).
The density of records varies geographically; the most fre-
quent records are in the northwestern part of the Western
Cape, the northwestern region of the Northern Cape, and in
southwestern Limpopo (Figure 3b). When taking the reported
abundance of E. camaldulensis within its occurrences into
account, two major invasion hotspots (locations with high
abundances, i.e. listed in SAPIA as “abundant”= forming
stands, and “very abundant”= forming extensive stands) are
apparent: the Western Cape and the northern part of
Gauteng and southwestern Limpopo (Figure 3b). The
Western Cape river systems which are especially severely
invaded by river red gum are the Olifants, Berg (Figure 4a),
Riviersonderend, and Breede rivers. The species also occurs
in several South African National Parks in the Eastern, North-
ern, and Western Cape (Figure 3c; Spear et al., 2011).
USES OF EUCALYPTUS CAMALDULENSIS IN SOUTH
AFRICA
Forestry and tree breeding
Eucalyptus camaldulensis is one of the most important euca-
lypt species for global forestry (Colloff, 2014) and was also
widely used in numerous South African forestry growth
Figure 2. The global distribution of Eucalyptus camaldulensis. Occurrence information was compiled from many literature and online sources
(see text). Shading across mainland Australia indicates the native range of the species; shading in other regions than mainland Australia
denotes countries outside the native range where E. camaldulensis is known to be present; the species is recognised as invasive in at least
one literature source in countries shaded darker. Only in one case (i.e. South Africa – highlighted in darker shading) do all information sources
agree on the status of E. camaldulensis as an invasive species (sensu Richardson et al., 2000). The hatching in Western Australia indicates
that provenances/subspecies from southeastern Australia have escaped from garden and restoration plantings and have naturalised in that
region (Western Australian Herbarium, 2018).
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trials (Figure 3a; Table S4 in Appendix 2). However, although
more than 500 000 ha in South Africa are planted with euca-
lypts (Godsmark and Oberholzer, 2019), the pure species
E. camaldulensis is no longer a major forestry crop in the
country, mainly because of its susceptibility to a range of
pests and diseases (e.g. Nadel and Slippers, 2011; see also
section “Pests and diseases” below). Although hybrids of this
species with other eucalypts (especially E. grandis×
E. camaldulensis) still play an important role in South African
forestry, some sources state that the species is likely to decrease
further in importance for commercial forestry (e.g. du Toit et al.,
2017). The species is also still present in seed orchards for tree
breeding programmes to conserve some variation and exploit
the further potential as a hybrid partner. Hybrids with
E. camaldulensis have shown good drought and disease toler-
ance (Immelmann et al., 2007).
Apiculture
Introduced eucalypts play an essential role for the South
African beekeeping industry and for agriculture as they
provide a reliable source of nectar and pollen at different
times of the year (Allsopp and Cherry, 2004). Johannsmeier
(1994) reported that commercial beekeeping in South Africa
would not be feasible without eucalypts. By providing
forage resources, eucalypts largely support the survival and
successful reproduction of honeybee colonies in agricultural
landscapes where bees are forced to feed on monoculture
crops with limited flowering periods (Hutton-Squire, 2014).
A lack of bees in such systems would reduce crop yields by
up to 90% (Cooke, 1982).
The contribution of E. camaldulensis is difficult to estimate,
but data on honey production in the Western Cape provides
some estimates. In this province, 66% of all honey is produced
from eucalypts, of which approximately a fifth is produced on
E. camaldulensis (Allsopp and Cherry, 2004). River red gum is
one of the main floral resources for bees between September
and December in the Western Cape (Melin et al., 2014).
Although E. camaldulensis is an excellent forage source, it
cannot be utilised to maintain colony health because, unlike
E. cladocalyx, its flowering season overlaps largely with the pol-
lination season of deciduous fruits (de Lange et al., 2013). River
red gum is, however, also an important exotic forage tree in
most of the rest of South Africa (Figure 3c; Hutton-Squire,
2014; Masehela, 2017). Further details are discussed under
“Conflicts of interest” below.
Phytoremediation
South Africa has some of the world’s richest reserves of pre-
cious minerals and base metals, and mining is a major
employer and generator of income (Minerals Council South
Africa, 2018). However, the exploitation of these resources is
tightly linked with chemical hazards which are not only
dangerous for human health but also contaminate the
environment surrounding these mining sites (Utembe et al.,
2015). One approach seeking to reduce such impacts is phyto-
remediation, which uses fast-growing plants to clean the soil
and water from toxic contaminants by transforming, degrad-
ing, accumulating, stabilising, immobilising, or volatising
these pollutants (Lone et al., 2008). To test and apply this tech-
nique in South Africa, the Mine Woodlands Project was
initiated in 2001 by the mining company AngloGold Ashanti
and the University of the Witwatersrand and was active
until 2016 (Dye et al., 2016). The project tested 48 indigenous
Figure 3. The biogeography of Eucalyptus camaldulensis in South
Africa. (a) Locations where research has been conducted on
E. camaldulensis. Locations are represented by different symbols,
according to the research subject (i.e. sites visited for assessing bio-
control options, plantations for phytoremediation and forestry trials,
and study sites where aspects of the invasion ecology of the species
were investigated). More detailed information for each location
appears in Table S4 in Appendix 2. (b) Current distribution of
E. camaldulensis in South Africa based on occurrence records in the
Southern Africa Plant Invader Atlas (SAPIA) database (accessed in
January 2017). Occurrences are differentiated according to the abun-
dance of river red gum in the corresponding stands (i.e. high =
SAPIA categories “very abundant” and “abundant”; moderate =
SAPIA category “frequent”; low = SAPIA categories “occasional” and
“rare”; NA = SAPIA category “present”/no abundance specified). The
number of SAPIA records per municipal area are represented using
a gray scale from white (i.e. no occurrence record) to black (i.e.
highest number of occurrence records). Two regions are characterised
by the highest number of occurrence records: the Cederberg municipal
region in the Western Cape and the Modimolle municipal region in
Limpopo. (c) Hatching shows South African provinces in which
E. camaldulensis was identified as important exotic forage for honey-
bees by Hutton-Squire (2014) and Masehela (2017). South African
national parks in which river red gum occurrences were reported by
Spear et al. (2017) are shown (park areas with occurrences = with
name labels; park areas in black = not present).
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and 10 alien tree species with deep root systems and high
growth rates which could help limit the spread of contami-
nated mine drainage water from tailings dams by increasing
the evapotranspiration and absorption of the polluted soil
and groundwater (Dye et al., 2014). Many eucalypts were
tested, including. E. camaldulensis (Figure 4d) and
E. grandis× E. camaldulensis hybrids. Site-species trials were
initiated on non-riparian sites in the Witwatersrand Basin
Goldfields, South Africa (Figure 3a; Table S4 in Appendix 2;
Dye et al., 2014). All eucalypt species outperformed the indi-
genous tree species, due to their faster growth, suppression
of understorey plants, and rapid growth of canopies which
helped them to escape beyond the reach of fires (P. Dye,
pers. comm.). During the later years of the project, problems
emerged when all eucalypts became damaged by pest and dis-
eases, and pole theft increased in importance as the trees grew
taller (P. Dye, pers. comm.). Nonetheless, E. camaldulensis is still
considered in the planning of plantings for phytoremediation,
as shown in a remediation report for the Kilbarchan Colliery in
KwaZulu-Natal (Digby Wells Environmental, 2016).
Ornamental and other non-commercial uses
Eucalyptus camaldulensis was widely used for (mainly undo-
cumented) plantings on private properties and other non-
commercial uses (Poynton, 1979). The species is widely used
as a shade tree and for windbreaks and shelterbelts (Hender-
son, 1983), especially in the drier northern regions of the
country (Figure 4c). Its use was encouraged by the South
African government, for example in the arid Kalahari region
where river red gum was recommended by the South
African National Parks (SANParks) in an effort to replace
highly problematic Prosopis spp. (Shackleton and Shackleton,
2017). Governmental “community forestry” projects were
initiated to establish woodlots of fast-growing alien trees
(including E. camaldulensis) in rural communities to provide
fuel and construction timber and to protect native vegetation
(Ham and Theron, 1999). Interviews with the local households
in the catchment area of the Ntabelanga Dam in the Eastern
Cape showed that residents used river red gum for construc-
tion timber (for huts, fencing, and different types of enclo-
sures), firewood, and medicinal purposes (Maroyi, 2017).
Eucalyptus camaldulensis is also valued as an ornamental
feature tree, and has heritage value (Gaertner et al., 2016).
Some specimens have special protected status as “champion
trees” in terms of the National Forest Act of 1998 (Department
of Agriculture, Forestry and Fisheries, 2018). Most of these
river red gum champions are in Stellenbosch in the Western
Cape (Figure 4d) where they were planted more than 100
years ago, and in Pretoria and Johannesburg in Gauteng
(Department of Agriculture, Forestry and Fisheries, 2013).
IMPACTS OF RIVER RED GUM AS AN INVASIVE
SPECIES
Several assessments have been made of the environmental
impacts of E. camaldulensis in natural areas of South Africa.
Using the Environmental Impact Classification of Alien Taxa
(EICAT) framework (Blackburn et al., 2014), we gathered
online literature and scored the severity and type of impacts
that have been recorded (see Hawkins et al., 2015 for method-
ology). First, a literature search was undertaken to source all
relevant literature reporting environmental impacts of
E. camaldulensis in South Africa. The terms “Eucalyptus camaldu-
lensis” and “South Africa” were searched on Google Scholar
and Web of Science (20 November 2018; 3770 search results
were returned). The literature was filtered to include only
papers that explicitly mention impacts of the species
E. camaldulensis (hybrids were not assessed) in South Africa.
Despite the known high levels of impacts and extensive dis-
tribution of E. camaldulensis in South Africa, we found that only
a few studies provided quantifiable data on the environmental
impacts. We were able to score only 11 papers (EICAT assess-
ment in Appendix 3). However, we did find that the impacts
reported were “major” in some instances; the species led to
exclusion of native populations, although the effect is con-
sidered reversible after removal of E. camaldulensis and restor-
ation initiatives. Specifically, in seven of the 11 papers,
competition was found to be the main mechanism leading to
impacts (i.e. trees forming dense monocultures along water-
ways that dominate and exclude other vegetation; see EICAT
assessment in Appendix 3). There were also “moderate”
impacts recorded due to chemical (i.e. allelopathy) and phys-
ical changes (i.e. changes to water cycling) to the ecosystem
(EICATassessment in Appendix 3).
Some gaps were identified in the impact literature. For
example, the most comprehensive studies assessed just one
area – the Berg River catchment in the Western Cape. Eucalyp-
tus camaldulensis, however, occurs across South Africa, and in
many other watersheds, indicating a need for impact studies
in other locations (Figure 3b).
Very little literature exists on the socio-economic impacts of
E. camaldulenis. The only information on such impacts is from
regions outside South Africa which concluded that eucalypts
(including E. camaldulensis) may cause sewer blockages in
urban environments and that eucalypt pollen is a mild aller-
gen (Pohls et al., 2004; Gibbs, 2015). However, there is no infor-
mation regarding impacts on infrastructure or as a result of
allergies in South Africa.
The sections below discuss the literature and available infor-
mation on the environmental impacts of E. camaldulensis as an
invasive species in more detail.
Water usage and quality
The rapid growth of river red gum implies substantial water
uptake which results in significant hydrological impacts in a
water-scarce country like South Africa. A study in Pakistan
showed that in a greenhouse experiment E. camaldulensis
used up to three times more water than some native trees
(Zahid et al., 2010). An Argentinian study found that a river
red gum stand of 40 ha can lower the local groundwater
level by more than 0.5 m compared to the surrounding grass-
lands and that groundwater sources form about 67% of the
annual water usage by the species (Engel et al., 2005). In the
South African context, a study in the Berg River Catchment
in the Western Cape by Dzikiti et al. (2016) found that water
use by large trees (50 cm diameter at breast height) peaked
at 100 L/tree/day during the winter and at 260 L/tree/day
during summer, with an annual transpiration rate of 47 000
L/tree/year. Dzikiti et al. (2016) estimated that each hectare
cleared of invasive eucalyptus could add about 2 mL/year to
the streamflow of the river. The amount and source of water
used by E. camaldulensis depends on several factors such as
local hydrology (e.g. distance to streams and groundwater
depth; Mensforth et al., 1994; Thorburn and Walker, 1994),
the salinity of the groundwater and soil (Benyon et al., 1999;
Morris and Collopy, 1999), and the age of the trees (Liu et al.,
2017).
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With respect to the potential negative impacts of eucalypts
on water quality, Chamier et al. (2012) state that water-
soluble phenols, waxy cuticles, and tannins in their leaves
affect acidity and nitrification processes. We know of no
studies that have focused specifically on E. camaldulensis to
investigate these aspects. It should be noted that river red
gum is often used for its ability to improve water quality (i.e.
phytoremediation; see section “Uses of the species”).
Figure 4. Eucalyptus camaldulensis in South Africa. (a) Dense invasive stands along the Berg River, Western Cape (photo: G. Harding); (b)
E. camaldulensis used for phytoremediation along the edge of a slimes dam at a gold mining property near Orkney, North West (photo:
P. Dye); (c) E. camaldulensis planted as shade tree in Welkom, Free State (photo: R. T. Shackleton); (d) one of several “Champion Tree” speci-
mens of E. camaldulensis in Stellenbosch, Western Cape (photo: D. M. Richardson); (e) stand of E. camaldulensis, previously used as an apiary
site, being cleared; felled trees are harvested for fire wood (photo: M. Allsopp); (f) jackal buzzard (Buteo rufofuscus) roosting in a E. camaldulensis
tree (photo: S. Geerts); (g) inappropriate mechanical and chemical control methods during clearing of E. camaldulensis (photo: G. Harding); (h)
dense re-growth of E. camaldulensis saplings after clearing of an invaded side without follow-up maintenance (photo: C. J. Geldenhuys).
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River structure and geomorphology
In its native range, E. camaldulensis plays an important role in
shaping the structure of riparian ecosystems (Butcher et al.,
2009; Colloff, 2014) and it also exhibits this role in its non-
native range in South Africa. For example, Tererai (2012)
found that E. camaldulensis invasions along the Berg River,
Western Cape, caused a 13.5% net decrease of riparian area
over a period of ca. 70 years and contributed to channel nar-
rowing, riverbank steepening, and river bed incisions in
heavily invaded areas. One factor that contributes to this
role is that the wood of river red gum is very durable and
decays very slowly (Mackensen et al., 2003; Roberts and
Marston, 2011). Branches that fall into rivers are very persistent
and can influence the water flow (Roberts and Marston, 2011;
Raath, 2015). This issue was investigated by Raath (2015) who
focused on invasive E. camaldulensis stands along the central
Breede River in the Western Cape. This study showed that
E. camaldulensis, along with other invasive tree species such
as Acacia saligna, contributes to island formation in the river
channel. River red gum has had similar impacts in other
river systems in South Africa (Geldenhuis and Bezuidenhout
2008), but more work is needed to elucidate such impacts
beyond the few sites that have been studied.
Fire regimes
Some controversy exists regarding the role of eucalypts,
including E. camaldulensis, in influencing fire hazard in South
Africa. Eucalypts were often planted to provide fire breaks
around pine plantations because they reduce fuel loads close
to the ground due to their allelopathic abilities (Forsyth et al.,
2004; van Staden, 2015). In contrast, eucalypts can burn in
crown fires under extreme fire danger conditions. However,
E. camaldulensis trees are often restricted to fire-protected
sites (e.g. riparian habitats in fire-shadow areas and/or sur-
rounded by agricultural land; Geldenhuys and Bezuidenhout,
2008) and their role in altering the fire regimes has not been
adequately investigated.
Impacts on biodiversity and other ecosystem factors
Several studies have investigated the impacts of invasive
river red gum stands on native biodiversity and ecosystems
in South Africa. Almost all of these studies focused on inva-
sions in the Western Cape (Figure 3a; Table S4 in Appendix
2). Tererai et al. (2013) showed that species richness and diver-
sity of plant species decrease and structural attributes of ripar-
ian vegetation change with increasing invasion intensity of
E. camaldulensis along the Berg River between Hermon and
Franschhoek. Another study in the same region found that
E. camaldulensis invasions lowered soil pH levels and
reduced levels of exchangeable cations but did not affect the
concentrations of nutrients in the soil (Tererai et al., 2015a).
There was a greater accumulation of litter in invaded sites,
but this did not have major effects on the soil-nutrient
regimes. Invasive E. camaldulensis stands increased levels of
soil moisture and soil water repellency, thereby influencing
soil hydrological characteristics (Ruwanza et al., 2013c). Allelo-
pathic substances released by E. camaldulensis were found to
have negative impacts on the germination and growth of
native riparian tree species (Ruwanza et al., 2015). It is likely
that alteration of soil properties caused by E. camaldulensis
invasions also affects the mycorrhization of native species, as
shown by a study in Madagascar (Baohanta et al., 2012).
Invasive stands of river red gum in South Africa decrease the
richness and abundance of certain bird feeding guilds (Manga-
chena and Geerts, 2017) and arthropod communities
(Samways and Sharratt, 2010; Samways et al., 2011; Roets
and Pryke, 2013). For example, a study by Mangachena and
Geerts (2017) showed that bird assemblages at sites invaded
by E. camaldulensis are almost a complete subset (24 species)
of those in nearby areas without river red gums (42 species);
only two species are unique to invaded sites. Most bird
feeding guilds show declines in E. camaldulensis-dominated
sites, including insectivores, frugivores, granivores, omni-
vores, and raptors, while nectarivores are eliminated (Manga-
chena and Geerts, 2017). The influences on bird species,
however, are not exclusively negative and can therefore con-
tribute to conflicts of interest (see below for more details).
However, it needs to be mentioned that the species’ impacts
on biodiversity mentioned above may only be the case at some
stage of its development or some specific points in the invasive
stands. For example, relatively dense stands of native forest
tree species, such as Kiggelaria africana, can develop under
older eucalypt stands (Geldenhuys and Bezuidenhout, 2008).
Consequently, future assessments should clearly distinguish
between what diversity of what kind of system is (positively
or negatively) affected.
Potential to facilitate co-invasion of mycorrhizal fungi
Mycorrhizal fungi are essential for the growth of all euca-
lypts by promoting the uptake of important minerals, nutri-
ents, and water (Malajczuk et al., 1982; Carrenho et al., 2008).
To establish eucalypt plantations outside their native ranges,
it is usually necessary to inoculate seedlings with appropriate
fungal symbionts (Malajczuk et al., 1982). Two types of mycor-
rhizal associations, ectomycorrhiza (EM; i.e. they fungi colo-
nise plant roots extracellularly) and arbuscular mycorrhiza
(AM; i.e. intracellular colonisation), are hosted by eucalypts
(May and Simpson, 1997). For EM fungi, a review by Vellinga
et al. (2009) found that at least 200 EM fungus species are
known to have been moved around the globe, of which
most are associated with plantations of pines (57%) and euca-
lypts (27%). For eucalypts, 17 EM species of fungi were intro-
duced in Spain, 11 in California, and two species (i.e. Amanita
marmorata, Tricholoma eucalypticum) in South Africa (Vellinga
et al., 2009).
We know of no detailed studies of mycorrhizal associations
with invasive eucalypts, and specifically E. camaldulensis, in
South Africa. The consequences and dynamics of such co-
introductions in the local ecosystems invaded by eucalypts
are unknown, as is the role that such symbionts play in the
invasion success of eucalypts. The abundance and types of
mycorrhizas associated with eucalypts can vary, depending
on factors such as age of the plant host, vegetation community,
and disturbance regimes (Keith, 1997). For example, younger
eucalypt trees seem to form predominantly AM associations
whereas older trees shift towards EM associations (Keith,
1997). Knowledge of such dynamics in invasive stands of euca-
lypts in South Africa is lacking.
Vector for spread of pests and diseases
Numerous pests and diseases are associated with
E. camaldulensis and its hybrids (see section “Pests and dis-
eases” below for more details). One concern raised during
our workshop was that invasive stands of river red gum
might act as corridors to facilitate the spread of forest pests
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and diseases to and among commercial gum plantations and
seed orchards (W. Jones, pers. obs). We know of no studies
on this topic for E. camaldulensis, but the chalcidoid waspQuad-
rastichodella nova, for example, may present a risk to tree seed
producers (W. Jones, pers. obs.).
CONFLICTS OF INTEREST
Conflicts of interest are an increasingly important facet of
environmental management worldwide; they arise when
different stakeholders hold different views regarding the
benefits and costs associated with the presence, distribution,
or abundance of particular species in a given environment.
Because trees are such conspicuous and influential com-
ponents of landscapes, and because many trees have special
aesthetic or cultural significance to humans, such conflicts
increasingly bedevil management initiatives focussing on
trees (Richardson et al., 2014). This is the case in South Africa
wherever managers seek to manage E. camaldulensis. Key com-
ponents of such conflicts revolve around its listing as an inva-
sive alien species and the attendant obligation of authorities
and landowners to apply management, issues relating to the
evaluation and quantification of benefits and costs, and
diverse factors pertaining to human perceptions and values.
The extent of alien tree invasions is rapidly increasing glob-
ally (Richardson and Rejmánek, 2011), and South Africa is one
of the countries experiencing particularly severe problems
with such invasions (van Wilgen and Richardson, 2014;
Richardson et al., 2020). Because alien trees were intentionally
introduced to serve specific purposes and since many species
still serve such purposes in at least some parts of their new
ranges, the management of invasive alien trees worldwide
must deal with conflicts of interest, often between resource
users (e.g. for honey production, windbreaks, shade, shelter,
firewood) and conservationists/natural resource managers
(van Wilgen and Richardson, 2012, 2014; Dickie et al., 2014).
In South Africa, much work has explored options to deal
with such conflicts of interest relating to other tree genera,
such as Acacia (Kull et al., 2011; van Wilgen et al., 2011), Pinus
(van Wilgen and Richardson, 2012), and Prosopis (Shackleton
et al., 2017), and a general framework for engaging with stake-
holders has been proposed (Novoa et al., 2018). However, no
detailed research has been done on this topic to elucidate
the full suite of issues relating to eucalypts.
Zengeya et al. (2017) applied a specific scoring system to cat-
egorise alien and invasive species as inconsequential (i.e. has
neither substantial benefits nor negative impacts), destructive
(i.e. no substantial benefits but significant negative impacts),
beneficial (i.e. no harmful impacts) and conflict-generating
(i.e. both benefits and negative impacts). Eucalyptus camaldulen-
sis was included in this study and identified as a “destructive
species,” for which a low social contestation is considered in
regard to its control and eradication (Zengeya et al., 2017).
Klein et al. (2015) considered E. camaldulensis as generally con-
flict-generating due to the interests of multiple groups in this
species (see below). Based on the numerous uses of the
species discussed above and the details emphasised below,
we argue that river red gum clearly has the characteristics of
a “conflict-generating” alien species and agree with the infor-
mation in Klein et al. (2015). However, such categorisation is
scale dependent. For example, Shackleton and Shackleton
(2017) classified E. camaldulensis as an inconsequential species
in the arid Kalahari region where the species is uncommon,
occurs in low numbers, and is not invasive (Figure 3b). A
totally different situation exists in the Berg River catchment
in the Western Cape, where E. camaldulensis exhibits character-
istics of a destructive species or, at the very best, a conflict-gen-
erating species. Further assessments are needed to account for
regional differences, especially for management-related issues
because the different categories call for different management
strategies (Zengeya et al., 2017).
Apiculture
One of themost heated debates regarding eucalypts in South
Africa, including E. camaldulensis, is the impact of clearing
(which is legally prescribed by NEM:BA in certain areas) on
the survival of honeybee colonies, the beekeeping industry,
and, indirectly, the country’s agricultural sector. Concerns
regarding such impacts arose as early as in the 1980s (Cooke,
1982) and are still hotly debated (Melin et al., 2014; Masehela,
2017). Eucalypts are extremely important for beekeepers as
they facilitate the survival of bee colonies in agricultural land-
scapes (Figure 4e; Hutton-Squire, 2014; Melin et al., 2014; Veldt-
man, 2018). In the Western Cape, the situation is especially
complicated because the Cape honeybee (Apis mellifera capen-
sis) is considered an invasive species in other South African
provinces; beekeepers are therefore not allowed to move
bees in and out of this province to seek alternative forage
sites (van Wilgen, 2007). Clearing eucalypts to fulfil require-
ments of invasive species legislation thus has potentially
severe economic consequences for api- and agriculture.
Allsopp and Cherry (2004) calculated that the removal of
river red gum and spider gum in the Western Cape could
lead, in the worst-case scenario (i.e. no entrepreneurial adjust-
ment by beekeepers), to monetary losses of ZAR1177 million,
of which ZAR1166 million would account for fruit production
losses due to curtailed pollination. Under a more likely scen-
ario, where beekeepers adjust by seeking artificial forms of
colony maintenance and are able to continue with at least pol-
lination, eradication of eucalypts would result in losses of
ZAR67 million, of which ZAR63 million accounts for fruit pro-
duction losses (Allsopp and Cherry, 2004).
The evaluation of this conflict situation by Allsopp and
Cherry (2004) was conducted more than 15 years ago. It is
unknown how the situation and the position of the beekeep-
ing industry may have changed since then. Anecdotal
reports indicate that many beekeepers are dissatisfied with
the legally prescribed clearing of E. camaldulensis in certain
areas in recent years (M. Allsopp, pers. obs.). An updated
assessment of the situation is therefore urgently needed as
input to management decisions relating to invasive
E. camaldulensis populations.
Forestry
The importance of pure E. camaldulensis for commercial plan-
tations in South Africa has declined. However, a limited
number of E. camaldulensis selections can be found in clonal
archives as a pollen source for hybrids (W. Jones, unpubl.
data). Consequently, the forestry sector still has a limited inter-
est in the pure species, but not to the same level as in the past,
and the interest is mostly focused on its use in hybrid
combinations.
The extent to which hybrids between E. camaldulensis and
other eucalypts will be used in the future is difficult to
predict given the lack of published information and the reluc-
tance of forestry companies to share proprietary and commer-
cially valuable insights on the topic. However, it is known that
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E. grandis× E. camaldulensis hybrids do not performwell in the
South African Lowveld due to heavy infestations of Leptocybe
invasa (eucalyptus gall wasp) and that alternative species
such as E. dunnii and E. urophylla hybrids are now the preferred
options (W. Jones, unpubl. data).
Although the current situation points to a relatively low
interest in E. camaldulensis by the South African forestry
sector, we cannot exclude the possibility that there may be a
stronger interest in this species in the future, in the face of
climate change. Eucalyptus camaldulensis remains an important
commercial species in other parts of the world (e.g. Kenya,
India, and China) where studies are being conducted to ident-
ify the best-performing subspecies, provenances, and/or
hybrids in regard to climate conditions or pest susceptibility
(e.g. Luo et al., 2014; Varghese et al., 2016; Arnold and Luo,
2018; David et al., 2018). Eucalyptus camaldulensis is also a candi-
date in programmes aiming to create transgenic trees for better
growth performance, abiotic and biotic stress tolerance, or
even herbicide resistance (Girijashankar, 2011; Hjältén and
Axelsson, 2015). Consequently, we cannot rule out that such
genetically modified and improved resources might also be
explored in the future by South African forestry companies
(e.g. Sappi, 2018).
Birds (with a focus on raptors)
Some native bird species of South Africa are negatively
impacted by invasive stands of E. camaldulensis (Mangachena
and Geerts, 2017), but other bird species benefit from the pres-
ence of such non-native trees (Smith, 1974; Steyn, 1977; Allan
et al., 1997). One issue that is regularly raised by bird conserva-
tionists focuses on diurnal raptor species that clearly benefit
from the presence of alien trees, including eucalypts, that
provide valuable nesting and roosting habitat (Figure 4f). It
is argued that the systematic removal of such alien trees in
accordance with national legislation might impact these
raptor populations (A. Botha and A. Jenkins, pers. comm.). At
least 17 raptor species are known to use eucalypts for
nesting, of which eight species (two of them threatened taxa)
are particularly dependent on alien trees and have expanded
their range with the spread of such trees (Table 1; A. Botha
and A. Jenkins, unpubl. data). Other stakeholders, however,
question the positive conservation significance of the range
extension of raptors driven by the increased presence/abun-
dance of eucalypts. This is because the affected raptors now
occur in habitats where they were previously absent or rare
and it is unknown what effects their presence has on naturally
occurring taxa in these ecosystems (Macdonald, 1986; Malan
and Robinson, 1999). Specifically for E. camaldulensis, the
importance to raptors is not apparent since the richness and
abundance of raptors are slightly lower in invaded sites com-
pared to nearby sites without eucalypts (Mangachena and
Geerts, 2017). It is therefore likely that the benefits of
E. camaldulensis to raptors would disappear if the tree was to
dominate the landscape; the presence of an occasional tree
in a landscape largely devoid of large trees, however, seems
to be critical for raptors.
There are also several other indigenous, non-raptor bird
species which potentially benefit, at least temporarily, from
non-native eucalypt trees that provide shelter, nesting sites,
and nectar at certain times of the year (Smith, 1974). Manga-
chena and Geerts (2017) found that the abundance of some
(mostly opportunistic) bird species, such as Cape white-eye,
Hadeda ibis and Egyptian goose, increased in
E. camaldulensis stands. Smith (1974) further emphasises that
the utilisation of eucalypts by birds depends to a large extent
on factors such as the structure of the eucalypt stand (e.g. plan-
tation, small clumps, undisturbed and un-cleared stands), geo-
graphical region, surrounding land use, and the original
ecosystem type that was replaced by these trees. Mangachena
and Geerts (2019) found that bird numbers in riparian areas
cleared of E. camaldulensis return to levels similar to those
with natural vegetation, which are significantly higher than
in E. camaldulensis-invaded areas. One year after clearing,
only four bird feeding guilds are present – in large numbers
– but all eight feeding guilds were present a decade after clear-
ing. Mangachena and Geerts (2019) found only one raptor
species (the yellow-billed kite) in sites cleared of
E. camaldulensis. The absence of other raptors such as the
African fish eagle, the jackal buzzard and the steppe
buzzard, even a decade after clearing, is attributed to the
absence of large trees. Consequently, clearing of
E. camaldulensis from riparian habitats coupled with passive
restoration does not result in the full recovery of plant and
bird communities, even a decade after clearing, since 10
native plant species (37%) and 12 bird species (29%) were
still absent (J. Mangachena and S. Geerts, 2019).
More research is needed to obtain a more comprehensive
and geographically balanced assessment of the influence of
planting, invasions, and clearing of alien trees such as
E. camaldulensis on bird communities at different spatial and
temporal scales in South Africa.
PESTS AND DISEASES
Insect pests and diseases are a serious threat to Eucalyptus
trees in South Africa, where they can affect the growth,
form, and reproduction (e.g. seed development) of Eucalyptus,
and in severe cases result in tree mortality (Wingfield et al.,
2008). These include insects and pathogens native to South
Africa that have expanded their host range to eucalypts as
well as those that have been accidentally introduced into the
country. Native pests and pathogens are mostly species with
closely related hosts, such as other genera of Myrtaceae (Wing-
field et al., 2010; Burgess and Wingfield, 2017; Crous et al.,
2017). However, there are also cases where the native hosts
are not closely related to Eucalyptus, as with the cossid moth
Coryphodema tristis (Figure 5) which also occurs on species of
Combretaceae, Rosaceae, and Ulmaceae (Gebeyehu et al.,
2005). The introduced insects and pathogens are mostly
those that have co-evolved with Eucalyptus species in the
native range of these trees. These introductions are an unin-
tentional effect of global trade and travel, and rates of intro-
duction have increased over recent decades (Wingfield et al.,
2015; Hurley et al., 2016, 2017). Accidental introduction of
non-native pests is often from bridgehead populations,
where established populations in regions where the pests
have been introduced lead to further spread of the pests to
other regions (Lombaert et al., 2010; Garnas et al., 2016;
Burgess and Wingfield, 2017).
A consideration of insect pest and disease problems on
E. camaldulensis requires an understanding of issues such as
host range and susceptibility. The bulk of knowledge relating
to pests and pathogens of Eucalyptus species in general
comes from research relating to plantation forest health. In
this regard, E. camaldulensis has never been widely used for
commercial forestry in South Africa, where species such as
E. grandis and E. nitens have been most valuable. However,
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in the early 1980s E. camaldulensis became a useful hybrid
partner with E. grandis (known as GC) when vegetative propa-
gation and clonal forestry became important in some parts of
South Africa (Denison and Kietzka, 1993). This was especially
to impart genes related to drought tolerance. While this hybrid
combination became popular for some forestry companies,
other hybrids proved more productive. The hybrids with
E. camaldulensis also proved to be highly susceptible to a
number of invasive insect pests such as Leptocybe invasa
(Figure 5) and Thaumastocoris peregrinus. For example, the sus-
ceptibility of GC clones to the gall wasp Leptocybe invasa has
contributed to the replacement of these clones with clones of
E. grandis× E. urophylla and other hybrids.
Eucalyptus camaldulensis and/or its hybrid GC is susceptible to
many of the insect pests and diseases currently found in South
African plantations. Most of the serious insect pests are non-
native insects, first reported from 1906. Of these, all except
the psyllid Ctenarytaina eucalypti have been reported to infest
E. camaldulensis and/or GC. Of the more prevalent native
insect pest species, E. camaldulensis has been reported to be sus-
ceptible to the bronze beetles, Colasposoma spp., but is not
infested by the cossid moth C. tristis. In fact, despite its very
broad host range, C. tristis infests only one eucalypt species,
namely the cold-tolerant E. nitens (Gebeyehu et al., 2005).
Most of the pathogens that infect E. camaldulensis or GC are
also found on other species of Eucalyptus in the subgenus Sym-
phyomyrtus. Where E. camaldulensis has been planted as a pure
species in areas of Southeast Asia, these trees have been
seriously affected by leaf blight caused by Calonectria spp.
(Figure 5; Burgess and Wingfield, 2017). There is no infor-
mation to suggest that E. camaldulensis is any more susceptible
than other Eucalyptus spp. to any of the more common insect
pests and pathogens. However, it is well known that some of
the first GC clones planted in the sub-tropical areas of South
Africa were seriously affected by a stem canker disease
caused by Teratosphaeria zuluense (Figure 5; Aylward et al.,
2019). The shoot and leaf-blight pathogen Teratosphaeria
destructans, a recent arrival in South Africa, could also
become damaging to GC hybrids, given that E. camaldulensis
appears to be highly susceptible to this pathogen elsewhere
in the world (Greyling et al., 2016). Surveys have shown that
seed capsule gallers (i.e. the chalcidoid wasp Quadrastichodella
nova) occur on E. camaldulensis in South Africa (Klein, 2009;
Klein et al., 2015) (see section “Management options” for
more details).
Strategies to manage insect pests and diseases of Eucalyptus
can include a number of different approaches and will
depend on the species involved. For both insect pests and dis-
eases, the use of chemical control in plantation forestry is
limited due to high costs of applying chemicals over large
areas and restriction from certification bodies (Garnas et al.,
2012; Hurley et al., 2016). The selection and development of
resistant planting stock is one of the most common approaches
in forestry to manage both insect pests and disease, and
advances have been made to develop new hybrid combi-
nations (Wingfield et al., 2013). Silvicultural/cultural control
can also be used, such as changing pruning practices to
avoid providing infection points for diseases. For insect
pests, biological control is one of the main approaches used
in forestry (Garnas et al., 2012; Kenis et al., 2017). For nearly
all introduced insect pests in South Africa, biological control
agents have been intentionally introduced or natural
enemies have been introduced unintentionally, likely arriving
with their host. Also, DNA-based tools are increasingly being
used for identification, detection, and monitoring of insect
pests and diseases (Wingfield et al., 2013).
MANAGEMENT OPTIONS
The previous sections clearly show that the presence, abun-
dance, and influences of E. camaldulensis in different ecosys-
tems in South Africa cannot be evaluated without giving full
consideration to multiple contexts, including negative and
positive perceptions of the species in different landscapes
and vegetation types. Moreover, these multiple contexts are
characterised by temporal dynamics as they have changed
over time, are still changing, and could still change
Table 1. Raptor species benefitting from nesting or roosting opportunities provided by Eucalyptus species (incl. E. camaldulensis) in South Africa.
Species in bold are particularly dependent on alien trees and have expanded their range in response to the increased extent of these species. T =
threatened species; E = (near) endemic species (source of information: Welz and Jenkins, 2005; Cilliers and Siebert, 2012; A. Botha and
A. Jenkins, unpubl. data).
Species that use eucalypts as nesting sites Non-breeding migrant species that roost in eucalypts
African crowned eagle (Stephanoaetus coronatus)T Amur Falcon (Falco amurensis)
African cuckoo hawk (Aviceda cuculoides) Eurasian hobby (Falco subbuteo)
African fish eagle (Haliaeetus vocifer) Lesser kestrel (Falco naumanni)
African goshawk (Accipiter tachiro) Red-footed falcon (Falco vespertinus)
African harrier hawk (Polyboroides typus)
Ayre’s hawk-eagle (Hieraaetus ayresii)T
Bat hawk (Macheiramphus alcinus)T
Black kite (Milvus migrans)
Black sparrowhawk (Accipiter melanoleucus)
Forest buzzard (Buteo trizonatus)E
Jackal buzzard (Buteo rufofucus)E
Little sparrowhawk (Accipiter minullus)
Long-crested eagle (Lophaetus occipitalis)
Ovambo sparrowhawk (Accipiter ovampensis)
Rufous-chested sparrowhawk (Accipiter rufiventris)
Verreaux’s eagle (Aquila verreauxii)
Wahlberg’s eagle (Hieraaetus wahlbergi)
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significantly in the future. These aspects are consequently con-
tributing to a pronounced complexity of the topic “Eucalyptus
camaldulensis in South Africa,” which becomes especially
apparent when it comes to discussions relating to the manage-
ment of the species. The species clearly exhibits multiple nega-
tive impacts in certain landscapes, which justifies management
interventions – for example, clearing of the species where it
occurs in invasive stands along water courses where the
species replaces natural riparian vegetation and where seeds
can easily be dispersed in flowing water. However, the com-
plexity of the topic also dictates that full consideration must
be given to the range of different contexts pertaining to
E. camaldulensis in South Africa. Such management options
must be regulated and co-ordinated at national, regional,
and landscape scales, invoking all stakeholders, to ensure
effectiveness and, if possible, the resolution of conflicts of
interest. In the next section, we discuss further details of man-
agement-related aspects, including current practices and
problems that have arisen regarding the management of
E. camaldulensis and options to improve management in the
future.
Invasions by river red gum occur mainly in riparian ecosys-
tems, and its flowers are important for bees as they supply
nectar and pollen. Thus, intuitively the most sustainable and
environmentally friendly, as well as least conflict-generating,
way to control its invasion would be to apply biological
control to reduce seed production (Klein et al., 2015). The
options for biological control of E. camaldulensis have been
investigated for South Africa. A comprehensive national
survey of agents (Figure 3a; Table S4 in Appendix 2) that are
currently influencing the reproductive potential of
E. camaldulensis found that the seed-feeding chalcidoid wasp
Quadrastichodella nova is already present and widespread in
South Africa, although its impact on the seed production
and invasiveness of river red gum was not evaluated (Klein,
2009; Klein et al., 2015). The conclusion reached was that
Figure 5. Damage caused by insect pests and diseases on Eucalyptus camaldulensis and its hybrid E. grandis × E. camaldulensis in South
Africa: (a) kino pockets typical of Coniothyrium canker, caused by Teratosphaeria zuluense; (b) canker and cracking of bark on trunk caused
by Chrysoporthe austroafricana; (c) leaf blight caused by Calonectria sp.; (d) galling on midrib of leaf caused by the bluegum chalcid, Leptocybe
invasa; (e) extensive frass from tunnelling in the main stem by cossid moth larvae Coryphodema tristis; (f) feeding on new leaves by larvae of the
eucalyptus snout beetle, Gonipterus sp. 2.
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introducing additional biocontrol agents was not an option in
South Africa, since all potential agents would affect the flowers
and therefore reduce the value of the species for bees; release
of such agents would therefore exacerbate rather than solve
conflicts of interest (Zachariades et al., 2017).
The management practice that is most often applied to deal
with river red gum invasions involves mechanical and
chemical measures. Most of the clearing of invasive
E. camaldulensis is co-ordinated and/or carried out by the
Working for Water (WfW) programme (https://www.
environment.gov.za/projectsprogrammes/wfw). Based on
data in the WfW Information Management System, the pro-
gramme spent approximately ZAR417 m on the clearing of
E. camaldulensis between 1998 and 2018; this accounts for
72% of the work done on clearing all invasive eucalypts in
South Africa over this period (A. Wannenburg, pers. comm.).
In 498 of the sites where management of invasive eucalypts
was carried out, river red gum was the initially dominant
species, occupying a condensed area of approximately 3400
ha (or nearly 9000 ha of uncondensed area). Although the
WfW programme has made significant progress with the clear-
ing of invasive plants, including eucalypts, since its establish-
ment, management operations could be greatly improved
(van Wilgen, 2018). Managing the dense invasions of invasive
trees and shrubs in riparian habitats is extremely challenging
in general (Holmes et al., 2005), but eucalypts pose particularly
difficult management challenges.
Two main management-related issues received particular
attention during our workshop and require focussed attention
in the future. First, the laws governing for the management of
invasive plants require that registered herbicides are used in
control programmes (The Fertilizers, Farm Feeds, Agricultural
Remedies and Stock Remedies Act; Act. 36 of 1947). However,
no specific herbicide has been registered for use on
E. camaldulensis as is required under national legislation (Act.
36 of 1947; van Zyl, 2018; see Supplemental Text in Appendix
1). This means that chemical control of this species is currently
illegal unless the usage forms part of a registration trial which
is, to the best of our knowledge, not the case. Since the regis-
tration of herbicides also entails precise guidelines on prep-
aration and application methods for use on a given plant
species (van Zyl, 2018), the current practice follows a rather
random approach as opposed to tested and safe standards
(Figure 4 g). This is of specific concern since river red gum
invasions occur predominantly along water courses, and the
application of residual and soil-mobile herbicides, which
seem to be more effective for eucalypts than non-residual
and non-mobile herbicides, poses potential risks to adjacent
aquatic ecosystems. Moreover, poor herbicide choices and
applications, as well as incorrect preparation methods, are
likely to lead to ineffective clearing outcomes (e.g. regrowth),
which adds to the overall cost of management.
The second key management issue discussed during our
workshop was whether the current strategy for clearing
dense E. camaldulensis stands along Western Cape rivers is
effective (Figure 4 h). The current practice applied by WfW
entails the complete or near-complete removal of all woody
invasive plants, the assumption being that the target ecosys-
tem will recover passively (without major intervention) once
the invaders are removed (Geldenhuys and Bezuidenhout,
2008; Ruwanza et al., 2013c). However, this approach often
has undesired outcomes (Geldenhuys and Bezuidenhout,
2008; Ruwanza et al., 2013c). For example, inadequate attention
is often given to follow-up operations after initial clearing, due
to logistical and project-management challenges. Such cases
have led to regrowth and re-establishment of invasive
E. camaldulensis populations (Figure 4 h), or other woody sec-
ondary invaders, requiring additional felling which is expens-
ive andmay cause substantial damage to physical properties of
the riparian habitats (Geldenhuys and Bezuidenhout, 2008;
Ruwanza et al., 2018). Because invasive stands of
E. camaldulensis form dense forests of large trees, mechanical
clearing requires the use of heavy machinery; this often
leads to soil erosion and the destruction of understorey
native vegetation, both of which hamper vegetation rehabilita-
tion (Ruwanza et al., 2018). Debris from mechanical clearing
(trunks, stems, and branches) remaining after such operations
can also cause damage to the river channel, even at sites far
from where clearing was carried out (Geldenhuys and Bezui-
denhout, 2008). This can hinder the regrowth of native veg-
etation (Geldenhuys and Bezuidenhout, 2008). Further, one
of the biggest concerns of beekeepers is that legitimate target-
ing of problem eucalypts (incl. E. camaldulensis) results in a
“free-for-all eucalypt removal” situation (M. Allsopp, pers.
obs.). Several examples in recent years attest that this scenario
has become a reality, with eucalypts (invasive and non-inva-
sive species) being removed outside areas where they cause
problems (M. Allsopp, pers. obs.).
Based on these examples of management issues, but also on
the earlier described conflicts of interest, there is clearly a need
for improved and more sustainable management strategies for
E. camaldulensis, and for invasive eucalypts in general. One
option for improved management, particularly in riparian
forest environments invaded by E. camaldulensis, was proposed
by Geldenhuys and Bezuidenhout (2008) and expanded on by
Ruwanza et al. (2013a) and Geldenhuys et al. (2017). The initial
step involves the zonation of the area of interest to determine
the conversion goals of the management approach (Gelden-
huys et al. 2017). This step is aided by a decision-tree devel-
oped by Everson et al. (2016) which differentiates between
areas that require immediate and complete clearing (e.g. grass-
land or shrubland) from areas where a gradual transition is
preferable. This approach is based on the principles of veg-
etation succession, which indicate that fast-growing alien
tree species (e.g. eucalypts) can facilitate the recovery of
native forest species (Galatowitsch and Richardson, 2005; Gel-
denhuys and Bezuidenhout, 2008; Geldenhuys et al., 2017).
Areas of the latter category are, for example, novel forests or
tree communities in riparian zones (Geldenhuys et al., 2017).
In such areas, when the invader (nurse) species cannot be
used, Geldenhuys et al. (2017) recommend a gradual process
of conversion to forest-related regrowth stands (Figure 6).
When the invader species can be used, Geldenhuys et al.
(2017) recommend a two-stage approach. The first stage is to
remove the larger utilisable trees, and if there is a market,
also smaller-sized trees (taking care to cause minimum
damage to existing native forest species). The next step is to
manage the regrowth of the invasive species through selective
thinning to direct the stand towards a “regrowth forest,” and
away from a trajectory involving large-scale re-invasion by
invasive species (Figure 6). This is a slower process than com-
plete clearing, but it has the potential to develop income-gen-
erating entrepreneurship (Geldenhuys and Bezuidenhout,
2008; Geldenhuys et al., 2017).
The suggested step-wise approach also allows for a gradual
change that will not abruptly deplete the source of nectar
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and pollen for beekeepers. Moreover, selective thinning
reduces the risk of major secondary invasions of alien herbs
and grasses and other invasive tree species that usually
occur following complete clearing (Ruwanza et al., 2013a). It
also leaves some trees standing to serve as roosting and
nesting sites for raptors while native tree species recover.
However, concerns might be raised that natural regrowth
would be unlikely due to impacts of the allelopathic com-
pounds released by river red gums. This is indeed a problem
for some native plant species (Ruwanza et al. 2015). Some
native species are, however, able to grow beneath river red
gum (e.g. Smith, 1974; Steyn, 1977; Geldenhuys and Bezui-
denhout, 2008; Ruwanza et al., 2013a, b; Tererai et al., 2015b);
these species could be used for restoration purposes, at least
in the initial stages until legacy effects of the allelopathic sub-
stances dissipate. A study by Tererai et al. (2015b) along the
Berg River in the Western Cape showed that the soil-stored
seed banks in the ecosystem invaded by river red gum still
contained sufficient seeds of native species to provide a
modest source to facilitate regeneration. Nevertheless,
Tererai et al. (2015b) and Ruwanza et al. (2018) also stress that
secondary invasions are likely to counteract a re-establishment
of natural riparian forest vegetation; careful management is
needed to deal with this problem.
Some studies also recommend that the step-wise conversion
approach can be accompanied by the staged introduction of
native tree species for restoration purposes as a form of
active restoration (e.g. Ruwanza et al., 2018). Such a staged
introduction would start with planting fast-growing native
pioneer species, while other native species are being intro-
duced at a later stage (Ruwanza et al., 2018). However, field
observations showed that recovery via natural regeneration
within the step-wise conservation approach gave better
results than active plantings (C.J. Geldenhuys, unpubl. data).
To reduce conflicts of interest in the management of
E. camaldulensis, it is essential for management authorities to
engage more effectively with stakeholders. One of these stake-
holders links to the Beekeeper Industry Strategy that was com-
missioned by the Western Cape Department of Agriculture
(Agrifusion, 2017). This strategy addresses several aspects
which hamper the productivity and sustainability of the
Western Cape beekeeping industry. Insufficient bee forage is
listed as the single largest concern, especially when consider-
ing predictions that the agricultural pollination demand will
double over the next decade. It was therefore suggested to
establish a Bee Forage Commission that will direct and coordi-
nate how to deliver (replacement) forage for the Western Cape
now and in the future (Agrifusion, 2017). This commission is
clearly a crucial stakeholder to consult when discussing
future management strategies for E. camaldulensis.
Another suggestion for reducing conflicts of interest – in this
case relating to habitat for raptors – is to ring-bark selected
large trees and to leave them to die standing so that they con-
tinue to provide roosting and nesting habitat for the birds.
However, it is unknown whether raptors would still use
such dead trees which lack foliage (Geldenhuys and Bezui-
denhout, 2008). Another option is to retain some large trees
farther away from the riparian zone to enable raptors to
move there from the ring-barked trees closer to the water.
Another aspect which must be considered in future manage-
ment of river red gum is that the species does not exhibit the
same level of invasion severity across the country
(Figure 3b). It is therefore important to acknowledge such geo-
graphical dynamics but also to set clear management goals and
allow for adaptive management strategies, as suggested by
van Wilgen et al. (2012).
PRIORITIES FOR FURTHER RESEARCH
Several research needs have been discussed in the previous
paragraphs. One of the most pressing needs relates to the
current listing of E. camaldulensis within the NEM:BA scheme
(Box 1). The NEM:BA regulations are likely to remain the
key legislation governing the management of non-native
species for the foreseeable future. The current NEM:BA regu-
lations for E. camaldulensis are very contorted in that they
seek to accommodate the interests of all stakeholder groups;
this results in a very complicated and confusing listing
which is difficult to enforce (Box 1). We recommend that
Figure 6. Conceptual model of the successional stages during restoration efforts to facilitate the re-establishment of natural riparian forest veg-
etation after invasion of river red gum (Eucalyptus camaldulensis); applicable in areas where such a conversion is the management goal. Model
adapted from Geldenhuys and Bezuidenhout (2008) and Geldenhuys et al. (2017).
15Transactions of the Royal Society of South Africa
future revisions of the legislation should consider a simplifica-
tion of the listing for E. camaldulensis (see suggestions in Box 1).
Another pressing research need is to determine which
genetic entities of E. camaldulensis are present in South Africa,
especially in invasive stands. Obtaining insights from genetic
studies is also important to gain more detailed knowledge
on the invasion success and history of river red gum. They
would also provide information needed to assess the potential
extent of invasions in South Africa (including information on
the subspecific entities present in a region paves the way for
more accurate species distribution modelling; e.g. Thompson
et al. 2011). Regarding the invasion history of the species,
research is needed to determine when the species began
invading in different river systems. Such research could
involve surveying historical aerial photographs and imagery
from the programme of the Department of Rural Development
and Land Reform (http://www.ngi.gov.za). Such knowledge
will be useful for elucidating the biotic and abiotic factors
that trigger and sustain invasions. Studies on these aspects
should apply balanced sampling designs and should also be
conducted in invaded areas outside the Western Cape,
where almost all previous research has been done (Figure 3a;
Table S4 in Appendix 2). At minimum the other invasion
hotspot of the species in the northeastern part of the
country should be considered in this regard, to provide a
basis for comparisons of invasion patterns between the two
identified invasion hotspots and to determine the roles of
various biotic and abiotic factors in structuring invasions in
the two regions.
A more comprehensive survey of the pests and diseases
associated with E. camaldulensis and their effects across South
Africa would be helpful to determine whether the level of
Table 2. Key options for management of Eucalyptus camaldulensis in different situations and contexts in South Africa which should be evaluated
in developing a national strategy for the management of the species.
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Allow market forces to
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where desirable to
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areas where the species
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from areas where they
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invasiveness of the species may be reduced by such infesta-
tions. If the pronounced susceptibility of E. camaldulensis to
certain pest and diseases, as indicated by the forestry sector,
also applies to naturalised and invasive populations, then a
prognosis of reduced invasiveness in the future may be justi-
fied. Specific attention should be paid to the impact of the chal-
cidoid wasp Q. nova which was found to be already present
and widespread in South Africa (Klein, 2009; Klein et al., 2015).
Another aspect that requires more research relates to the co-
introduction and potential co-invasion of mycorrhizal fungi
associated with the species. No information is currently avail-
able on the role of fungi in the invasion success of
E. camaldulensis or on the impact of such mutualisms in
invaded ecosystems (see “Impacts” section above for more
details).
No research has been done to determine how the clearing of
river red gum (and other invasive trees with which it co-
occurs) affects the ecology and conservation status of native
biodiversity, such as raptor species which utilise these trees
for nesting and roosting. Although funding for such a study
was sought in the early 2000s through the WfW programme,
the issue has yet to be carefully assessed (A. Jenkins, pers.
comm.). Research should assess the views of all stakeholders,
and the potential negative impacts that the increased abun-
dance of range-expanding raptors may have on other ecosys-
tem components. Together with this, adjacent land-use must
be considered since it significantly influences bird species rich-
ness and abundance in E. camaldulensis stands (Mangachena
and Geerts, 2019).
CONCLUSIONS
Eucalyptus camaldulensis occurs in a very wide range of eco-
systems, vegetation types, and land-use categories in South
Africa. It provides multiple benefits, but also causes many
types of negative impacts. Perceptions of people regarding
this species have been shaped by changes in its distribution
and abundance in different situations and by changing philos-
ophies and approaches to environmental management in
South Africa and globally. Discussions about the place of
river red gum in South African landscapes now and in the
future are hampered by complex conflicts of interest that
thwart attempts to arrive at sustainable management strat-
egies. This paper has reviewed what is known about this
species that is relevant to management, and has identified
several priorities for research needed to fill key knowledge
gaps. Currently available information was used to conduct a
risk assessment for E. camaldulensis in South Africa following
the protocol in Kumschick et al. (2018; Risk analysis in
Appendix 4).
There is clearly a need for a national strategy to provide
guidelines for the way forward in managing river red gum
to maximise its benefits and minimise negative impacts. The
requirements for such national strategies for alien species or
groups of species in South Africa have been discussed in
several recent papers (van Wilgen et al., 2011; van Wilgen
and Richardson, 2012; Terblanche et al., 2016; Shackleton
et al., 2017). Each species has its own issues and considerations
that must be discussed to arrive at a sustainable strategy.
Table 2 presents the key options for management that exist
for E. camaldulensis in different situations and contexts in
South Africa. We suggest that deliberation around these
issues in a structured stakeholder-engagement process
(Novoa et al., 2018) has good prospects of arriving at a
framework to guide improved management of this enigmatic
species in the future.
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